Chemistry 232 Tutorial #2

1.

According to the Third Law of Thermodynamics, the entropy of a perfect crystal is zero at 7= 0.
Adding heat increases the entropy. (Recall dS = dg..,/7T.) As a result, the entropies of substances
calculated using the Third Law are always positive. (See, for example, Table 4.1).

The entropies of several aqueous ions listed in Table 10.1 are negative, such as
Sm(Ca2 * aq)=-53.1TK"' mol ™" at 25 °C. Is this a violation of the Third Law? Explain.

Why do significant deviations from ideal behavior generally occur at lower concentrations for
electrolyte solutions than for nonelectrolyte solutions?

Debye-Huckel (DH) theory gives Iny, =-1.173 z+2 JI

Iny =-1.173z2T

for the activity coefficients of aqueous cations and anions at 25 °C. Show (hint: vizy +v.z.=0)
that the mean ionic activity coefficient is

Iny, =-1.173z,|z_ N1

One of many important applications of ion activities is the pH, defined as the negative logarithm
(base 10) of the activity of hydrogen ions.

pH = —logo(an+)
But it’s impossible to measure the pH defined in this manner! Why?
Practical pH measurements are made relative to a scale of pH values assigned to a series of
reference solutions, such as pH 1.096 for 0.100 mol kg™ aqueous HCI solutions at 25 °C.

a) Potentiometric measurements for the following solutions on opposite sides of a membrane
permeable to H' ions give gright — dren = —0.027 volt at 25 °C. Calculate the pH of the solution
on the right. ’ ,

Left Side Right Side
0.100 mol kg™' HCI (reference) test solution
pH 1.096 pH?

b) Why don’t the H" ions diffuse from the side with the lower pH to the side with the higher pH
(from higher to lower activity) to reach equilibrium (i.e., equal activities on both sides)?



10.

a) Calculate the pH of a 0.100 mol kg™ solution of HCI assuming the solution is ideal.

b) Recalculate the pH of a 0.100 mol kg™' HCl solution using Iny, =—1. 173z+2 VI
from DH theory to allow for nonideal solution behavior.

¢) Using DH theory, calculate the pH of a solution containing 0.100 mol kg™ HCI and 0.500
mol kg™! LaCls.

d) Notice that the pH depends on more than just the H' concentration. Why?

The freezing point depression of a 0.100 mol kg™’ solution of aqueous dichloroacetic acid is
0.279 °C. Assuming the solution is ideal and using Kr=1.86 K kg mol ™, calculate the
equilibrium constant for the dissociation of the acid

HCLCCOOH(aq) = H'(aq) + HCL,CCOO (aq)

Assuming ideal solutions, calculate the solubility of Ba(OH); at 25 °C (K, = 0.0050) in

a) water
b) 0.200 mol kg_I aqueous NaCl solution
¢) 0.200 mol k\g'1 aqueous BaCl, solution. Why is this solubility significantly lower?

Using DH theory, calculate the solubility of Ba(OH), at 25 °C (K, = 0.0050) in

a) water
b) 0.200 mol kg™' aqueous NaCl solution
c) Is the solubility of Ba(OH); significantly affected by nonideal solution behavior?

a) Calculate the equilibrium constant for the following reaction at 25 °C:
Cu2+(aq) + Zn(s) = Cu(s) + Zn2+(aq)
Data: AGi’(Cu*', aq) = 65.5 kJ mol™ AGu(Zn*", aq) = —147.1 kJ mol™
b) A 0.250 mol kg™' CuSOy solution is poured onto a sheet of zinc metal. Assuming ideal
solution behavior, calculate the molalities of Cu?* and Zn>" ions at equilibrium. Why does the

zinc appear to turn gray? Can you suggest a chemical treatment for the quantitative removal of
copper ions from water?
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